Functional diversity of C2 domains of synaptotagmin family. Mutational analysis of inositol high polyphosphate binding domain.
Synaptotagmins I and II are inositol high polyphosphate series (inositol 1,3,4,5-tetrakisphosphate (IP4), inositol 1,3,4,5,6-pentakisphosphate, and inositol 1,2,3,4,5,6-hexakisphosphate) binding proteins, which are thought to be essential for Ca(2+)-regulated exocytosis of neurosecretory vesicles. In this study, we analyzed the inositol high polyphosphate series binding site in the C2B domain by site-directed mutagenesis and compared the IP4 binding properties of the C2B domains of multiple synaptotagmins (II-IV). The IP4 binding domain of synaptotagmin II is characterized by a cluster of highly conserved, positively charged amino acids (321 GKRLKKKKTTVKKK 324). Among these, three lysine residues, at positions 327, 328, and 332 in the middle of the C2B domain, which is not conserved in the C2A domain, were found to be essential for IP4 binding in synaptotagmin II. When these lysine residues were altered to glutamine, the IP4 binding ability was completely abolished. The primary structures of the IP4 binding sites are highly conserved among synaptotagmins I through IV. However, synaptotagmin III did not show significant binding ability, which may be due to steric hindrance by the C-terminal flanking region. These functional diversities of C2B domains suggest that not all synaptotagmins function as inositol high polyphosphate sensors at the synaptic vesicle.